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Existing technologies for the current computing system are approaching their physical limits, and novel device concepts are required as device sizes continuously decrease (1) . Under these new concepts, the devices need be not only increasingly infinitesimal and simple but also increasingly capable. Memristive devices (2-6) (also called RRAM (7) (8) (9) (10) (11) (12) (13) when used for memory) seem to fulfill these goals well for the next generation computing system and have recently been recommended for additional focus in research and development by the International Technology Roadmap for Semiconductor (ITRS) in an assessment of eight memory technologies among the Emerging Research Devices (ERDs) (1) . These devices with a simple structure are not only very small but also very versatile, which makes them an ideal candidate used for the next generation computing system in the post-Si era. Memristive devices are electrical resistance switches that can retain a state of internal resistance based on the history of applied voltage and current (2, 6) . They can be used store and process information, and offer several key performance characteristics that exceed conventional integrated circuit technology (14) . An important class of these devices is two-terminal resistance switches based on ionic motion, which are built from a simple conductor/insulator/conductor thin-film stack. The switching mechanisms (15) (16) (17) (18) (19) are still a controversial topic currently under active research. Different switching mechanisms likely apply to different material systems and device stacks. Generally speaking, electrical switching is a result of ionic motion driven by both electric field and joule heating via drift, electromigration, Fick diffusion or thermophoresis (14) . A family of nanodevices with a rich set of electrical properties can be obtained with the crosspoint device structure based on these switching mechanisms (20) . These crosspoint devices are usually used in a crossbar array for real applications. The potential applications range from memory to logic and from digital circuits to analog circuits. Non-volatile (>years) (21) , fast (<100ps) (22) and low-energy (<pJ) (23) (17) switching has been demonstrated. Functioning devices have also been obtained at 10nm scale (24) . Therefore, memristive device has the potential to be a universal memory. In addition, there are other promising applications, including Boolean logic operations via material implication (25), neuromorphic computing (26, 27) , and a variety of CMOS/memristor hybrid circuits (28, 29) . In spite of the promising scalability, fast switching speed, low energy, long retention, large ON/OFF ratio, multilevel cell operation, non-destructive reading, simple structure, great stackability, low cost, great CMOS compatibility and manufacturability, there are also some challenges for these devices, including switching endurance (30, 31) , device yield (32), electroforming (33) , device nonlinearity (34-36), variability and some issues related to integration (37, 38) . Among them, the most significant two challenges are device nonlinearity and variability. Nonlinearity is a measure of how nonlinear the current-voltage curve is for a device in its low resistance state. Most of the memristive devices have linear or slightly nonlinear current-voltage curves, As shown in Figure 1 (c) , which results in a fairly high current level at the half of the operation voltage for either write or read. This further leads to a high sneak path current in the crossbar array as schematically shown in Figure 1 (a) . In order to minimize the sneak path current, a highly nonlinear current-voltage curve is required, which can be achieved by adding a nonlinear selector to the memristor at each crosspoint. Figure 1 (d) shows a switching loop with great nonlinearity from an integrated device combined a negative differential resistance (NDR) selector with a linear memristor. The selector can also be a mixed-ionic-electronic-conductor (MIEC) (39) or a tunneling device with engineered tunnel barrier (40) . The variability includes variances from switching cycle to cycle and from device to device. The variance can be reduced by selecting a material system that has only two stable solid phases (one for conduction channel and the other for insulating matrix) at ambient temperature (30) . It seems most of the variance actually stems from the somewhat random electroforming process that creates a different filament structure in each device, which can be significantly reduced by controlling the formation of conduction channel. This can be realized by, for instance, doping the switching material (e.g SiO 2 ) with uniformly distributed metallic nanoclusters (e.g Pt) (21) . Repeatable switching is shown in Figure 2 from such a device. In summary, while memristive devices have shown great promise for computing applications, there are still a few challenges to overcome, including mechanism understanding, device nonlinearity and variability.
